Patients and their management
1. An obese woman, 31 years of age, gravida 6, para 3, with a past history of mild asthma presented at 33 weeks gestation in premature labour. Her pregnancy had been complicated at 26 weeks by a deep venous thrombosis in the right leg, for which she had been treated with heparin. She was given salbutamol by infusion in order to stop labour. Subsequently a brownish mucoid vaginal discharge was noted. At this time her oral temperature was 38 QC. The salbutamol was stopped and labour was allowed to progress. Her membranes were ruptured and 40 minutes later she was delivered of a male infant weighing 2870 g. The second stage lasted 5 minutes and the infant was delivered by spontaneous vaginal delivery. The infant was asphyxiated (Apgar score of 3 at one minute) and required resuscitation by endotracheal suction and artificial ventilation with 100070 oxygen, There was a gradual improvement over 5 minutes, Shortly after the third stage, which lasted 5 minutes, the patient became cyanosed and developed a persistent dry cough. She was fully conscious, her oropharynx was clear of foreign material and there was no evidence of regurgitation or vomiting. There was no chest pain, sputum or haemoptysis. She had a respiratory rate of 40-50/min, pulse rate lOOlmin, and a systemic arterial blood pressure of 110/70 mmHg. Post partum blood loss exceeded 1500 ml.
Syntocinon infusion was commenced and intranasal oxygen given. Chest auscultation revealed widespread crepitations and occasional rhonchi over both lung fields. Her trachea was intubated and artificial ventilation commenced. Pink frothy sputum issued from the endotracheal tube. Frusemide 20 mg and methyl prednisolone 1 g were given and intravenous therapy commenced with 6% dextran 70 (llitre) and Hartmann's solution (2 litres) . Chest x-ray showed diffuse patchy opacities in both lung fields.
Blood taken for haematological studies showed a platelet count of 158 x lOll (normal range 150-400 X 10 9 /1), partial thromboplastin time 60 sec (normal range 30-45), Normotest 75% (normal range 70-130%), Thrombotest > 100% (normal range 5-15%), fibrinogen assay 0.9 gll (normal range 2.0-4.0 g/l) and fibrin degradation products of less than 2048 but greater than 1024 J..Ig/ml (normal range of 4.9 ± 2.8 J..Ig/l. Fourteen hours post partum the patient's condition remained poor. She was oliguric and had pulmonary oedema, with a continuous flow of pink frothy fluid issuing from the endotracheal tube. This continued despite artificial ventilation using a positive endexpiratory pressure (PEEP) of 5 cm H20, frusemide injections totalling 140 mg and dopamine infusion of 800 J..Ig min. Arterial blood gas analysis showed an oxygen tension (Pa02) of 72 mmHg, carbon dioxide tension (PaC02) of 36 mmHg, pH of 7.15 and actual bicarbonate concentration of 11.9 mmolll. The inspired oxygen fraction (FI02) was 0.5. Serum creatinine at this time was 0.20 mmolll. Her condition failed to improve and 20 hours post partum a Swan-Ganz catheter was floated into the right pulmonary artery for haemodynamic measurements (Table 1) . Cardiac output was determined using the thermodilution method. Venous admixture was derived from analysis of samples of mixed venous blood from the pulmonary artery and systemic arterial blood from a radial artery cannula. The main features of the haemodynamic studies were initially a venous admixture (Qs/Qt) of 35070, stroke volume index of 29 mllm2, cardiac index of 3.72 lImin/m2, pulmonary capillary wedge pressure of 21 mmHg and central venous pressure of 33 mmHg (see Table 1 ).
In view of the tachycardia (128/min) and the high venous admixture (35%) the dopamine infusion was reduced and PEEP was raised to 20 cm H20. By 24 hours after delivery, Qs/Qt had decreased to 9% and the lung fields had considerably cleared. Cardiac index had fallen to 2.48 lImin/m2 mainly as a result of the decrease in heart rate to 88/min as the stroke volume index was essentially unchanged at 28 mllm 2. Thirty-six hours after delivery the patient's cardiopulmonary status had further improved. Venous admixture was 3.2%, cardiac index was 4.45 lIm/m2 and stroke volume index had increased to 61 mllm2.
However, the patient remained oliguric and serum creatinine had risen to 0.29 mmolll. On the third day she was extubated. An arteriovenous shunt was placed in the left forearm under brachial plexus block. However, the shunt failed to function and a Ramirez shunt was placed in the left leg. This procedure was performed under general anaesthesia, and after the operation she was artificially ventilated for a further 24 hours. She required haemodialysis for eight days during which her renal function slowly improved. She was discharged from the intensive care unit on the 15th day with a serum creatinine of 0.13 mmolll. Her course was further complicated by a chest infection which resolved with flucloxacillin treatment. She was discharged home on the 23rd postpartum day. 2. A 23-year-old primipara, with no relevant past history and without toxaemia was transferred from another hospital having suddenly become cyanosed and collapsed during the late second stage of strong labour. She was rapidly delivered of a live male infant. She had a 1500 ml post partum haemorrhage which did not clot.
She was empirically given 4 litres of crystalloid solutions and fibrinogen 6 g by intravenous injection. Blood studies performed soon after arrival showed consumption coagulopathy, hyperbilirubinaemia, hypofibrinogenaemia (1.8 g/l) and disseminated intravascular coagulation. The latter was confirmed by haematological studies which showed a partial thromboplastin time of 52 sec, Normotest 100070, platelet count 95 x 10 9 11 and FDP of greater than 128 J..lg/ml. She was given heparin (1000 unitslhr by continuous infusion) and fresh blood (given within 24 hours of collection) and made an uneventful recovery. 3. A 19-year-old primipara, gravida 4, was induced at term using a syntocinon infusion following spontaneous rupture of membranes. Epidural analgesia was provided. Three hours later with cervix 5 cm dilated there was sudden onset of maternal cyanosis and foetal bradycardia. Urgent caesarean section was performed and a live infant delivered. During operation the patient became hypotensive and oozed blood which did not clot from the surgical incision, previous epidural puncture site and venepuncture sites. The liquor was blood and meconium stained.
At the end of the operation the clotting time was 13 minutes and the serum fibrinogen level was 0.1 gll. Platelet count was normal. No other coagulation studies were performed. She was given intravenously fibrinogen 5 g and fresh blood 2500 ml (given within 24 hours of collection) was transfused together with 2500 ml of crystalloid solution, 600 ml of fresh frozen plasma and 1 litre of 6070 dextran 70. Her bleeding ceased with this treatment. Her subsequent course was remarkable only because of an episode of jaundice associated with acute cholecystitis which settled with conservative management.
DISCUSSION
Amniotic fluid embolism was responsible for 14 (5.9070) of the 237 maternal deaths in Australia during the 1967 -1969 triennium. I It was responsible for 5 (7.2070) of the 69 maternal deaths during the 1973-1975 triennium. 2 Because maternal deaths due to haemorrhage or anaesthesia mishap are becoming rare as a result of improvements in anaesthesia and resuscitation, the relative importance of amniotic fluid embolism is increasing. Frequently maternal deaths from this cause are "utterly unavoidable" I and occur within 30 minutes of first symptom, sometimes prior to admission to hospital. Half the women who die of this condition are undelivered and a quarter die of uncontrollable haemorrhage associated with failure of coagulation. The remainder die in cardiac failure and pulmonary oedema. In those who survive the initial phases of the condition, respiratory and cardiac failure, shock and consumptive coagulopathy are prominent features. 35 Classical descriptions 3 ,6 of amniotic fluid embolism speak of the unheralded onset of shock, cyanosis and coagulopathy in multiparae in strong labour or after precipitate delivery. The condition is associated with the use of oxytocics, caesarean section, foetal death in utero, uterine rupture or cervical tears.3 Meconium contamination of the liquor has been suggested as a major predisposing factor. It has been shown to be due to liquor 7 -9 gaining access to the maternal venous plexuses through breaches caused by the above mechanisms or through tears in the peri-placental or cervical veins. 3 ,10 In the absence of knowledge about its pathophysiology, the condition was previously called "obstetric shock", "oxytocin shock", "idiopathic post part urn haemorrhage", "acute pulmonary oedema" as well as other pseudonyms. 11 Meyer l2 demonstrated amniotic fluid in the pulmonary microvasculature in 1926 but it was not until 1941 13 ,14 that the condition was described as a distinct clinical entity with cardiopulmonary and haematological manifestations. Diagnosis is usually on clinical grounds only. Demonstration of foetal squames, lanugo hairs and mucin in the maternal blood confirms the diagnosis. 9 Post mortem findings include pulmonary interstitial and alveolar oedema,9,12 and mucin 9 (derived from the foetal intestine tract) and foetal squames occluding the maternal pulmonary microvasculature. Similar microvascular obstruction found in the maternal brain, heart and kidneys are assumed to result from secondary embolisation from the lungs. Maternal haemorrhage results from consumptive coagulopathy, the result of the thromboplastic and fibrinolytic activity of particulate elements in amniotic fluid,15 and from platelet aggregation on particulate embolism material. 16
Anaesthesia and Intensive Care, Vol. X, No. J, February, 1982 The afibrinogenaemia which occurs with amniotic fluid embolism is presumed to be due to thromboplastic activity of the circulating amniotic fluid 15 and this has led to the recommendation that the coagulopathy be treated initially with fibrinogen. 16 ,17 More recent reports 15,18 suggest that fibrinogen administration may be potentially harmful as the fibrinogen may act as increased substrate for the clotting process and hence recommend the use of heparin for specific treatment of the coagulopathy. 18 Survival in those one in 30,000 to 50,000 3 ,18-20 mothers who develop the condition is estimated at 50070 after the first hour. Other deaths occur late and Courtney3 estimates a mortality in excess of 80070 in severe forms of the condition. Most reports of survival in the obstetric literature 3 -5 ,18-20 have emphasised the importance of the rapid management of the coagulopathy by heparin and have only briefly referred to the cardiopulmonary management required. 17 ,21 Digoxin, lanatocide, morphine, oxygen, phlebotomy and rotating tourniquets were the main therapeutic measures advocated in the obstetric literature. These forms of management were implemented in the latter two patients described above and reflect the relative importance of haemorrhage in those instances, the need for differentiation of amniotic fluid embolism from abruptio placenta,20 and the professional bias of those who were managing the patients. Chest x-rays were performed and showed patchy opacities. 22 ,23 Our three patients illustrate the spectrum of severity of the condition. In two the condition was self-limiting or easily corrected by the administration of intravenous fluids, fibrinogen, fresh blood transfusion, heparin, an enriched oxygen mixture and other supportive measures. On this basis it is probable that amniotic fluid embolism has occurred subclinically and more often than has been recognised. The first patient typifies the more severe form of the condition with cardiopulmonary, renal and coagulation defects.
A search of the English literature revealed only one report of the management of amniotic fluid embolism with severe cardiopulmonary manifestations. Schaerf Civetta 21 reported a patient with refractory respiratory failure, and cardiac failure following this condition. They confirmed the diagnosis by finding lanugo and foetal squames in aspirated right heart blood. Using a flowdirected balloon-tipped pulmonary artery catheter they demonstrated the development of left heart failure associated with mitral incompetence. Right heart function was well maintained in spite of increased pulmonary artery pressures. These findings are contrary to the usually accepted pathophysiology of amniotic fluid embolism.
However, our haemodynamic findings concur with the usually accepted pathophysiology of the condition. Our patient had pulmonary hypertension and right heart strain. These discrepancies are not contradictory but reflect the wide variety of manifestations and the need to differentiate them by some form of haemodynamic monitoring.
The haemodynamic findings in our patient initially showed both left and right ventricular failure with increased pulmonary artery and central venous pressures. The ECG findings confirmed the right heart strain. The shunt fraction of 35% was consistent with the severe pulmonary oedema. The inappropriate intravenous use of a large volume of crystalloid and colloid solutions during resuscitation would have contributed to the haemodynamic and respiratory failure. However, fluid overload alone would not be expected to produce the gross haemodynamic changes noted in this patient but would have been contributory in an already compromised pulmonary vascular bed. This demonstration of right heart strain and an increase in pulmonary vascular pressures by haemodynamic monitoring supports the more traditionally accepted mechanisms of cardiopulmonary failure in patients with severe amniotic fluid embolism.
Unfortunately we were not able to confirm the diagnosis. Blood aspirated from the right heart of our patient was sent for smear analysis but this was not done as in the words of the pathologist's report, "There is . . . no diagnostic blood test for amniotic fluid embolism" .
